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Objective: To determine if clinical guidelines recommending therapeutic exercise for people with hip
osteoarthritis (OA) are supported by rigorous scientiﬁc evidence.
Methods: A meta-analysis of randomized controlled trials (RCTs) recruiting people with hip OA and
comparing some form of land-based exercise program (as opposed to exercises conducted in the water)
with a non-exercise group in terms of hip pain and/or self-reported physical function.
Results: Thirty-two RCTs were identiﬁed, but only ﬁve met the inclusion criteria. Only one of the ﬁve
included RCTs restricted recruitment to people with hip OA, the other four RCTs also recruiting partic-
ipants with knee OA. The ﬁve included studies provided data on 204 and 187 hip OA participants for pain
and physical function, respectively. Combining the results of the ﬁve included RCTs using a ﬁxed-effects
model demonstrated a small treatment effect for pain (standardized mean difference (SMD) 0.38; 95%
conﬁdence interval (CI) 0.67 to 0.09). No signiﬁcant beneﬁt in terms of improved self-reported
physical function was detected (SMD 0.02; 95% CI 0.31 to 0.28).
Conclusion: Currently there is only silver level evidence (one small RCT) supporting the beneﬁt of land-
based therapeutic exercise for people with symptomatic hip OA in terms of reduced pain and improved
physical function. The limited number and small sample size of the included RCTs restricts the conﬁ-
dence that can be attributed to these results.
Crown Copyright  2010 Published by Elsevier Ltd on behalf of Osteoarthritis Research
Society International. All rights reserved.Introduction
The prevalence of radiographic and symptomatic hip osteoar-
thritis (OA) increases with age and is estimated to be around 15%
(radiographic) and 5%, (symptomatic) among Caucasians aged 55
years and over1,2. Symptomatic hip OA is associated with joint pain,
physical disability and poor health status3,4, and is the most
common diagnosis for total hip replacement surgery. While
progression between onset of hip pain to severe symptoms and
end-stage disease is variable, disease progression generally appears
to be much more rapid than that observed in knee OA5.Marlene Fransen, Faculty of
esearch Group, University of
Tel: 612-93519829; Fax: 612-
n).
010 Published by Elsevier Ltd onRisk factors for incident hip OA include awide range of local and
systemic factors5e7. While age, genetic disposition and many mus-
culo-skeletal comorbidity causing hip OA (Paget's Disease, devel-
opmental deformities of the hip joint, rheumatoid arthritis, etc.) are
arguably not modiﬁable risk factors, improving the mechanical
environment of the hip joint and reducing joint loading in this
weight bearing joint have some face validity as useful therapeutic
interventions8. In support, it has been shown that hip OA is associ-
ated with markedly reduced lower limb muscle strength9,10.
There is no cure for hip OA or treatments proven to slow disease
progression. The main treatment goal for patients with hip OA,
therefore, is to reduce joint pain and physical disability. Current
international guidelines recommend therapeutic exercise (land or
water-based)11,12, or consultation with a physical therapist8, should
be included as part of an effective overall management strategy for
peoplewith hip OA. However, the evidence supporting this exercise
recommendation is reported as being only at the level of expert
opinion8. The aim of this systematic review is to determine
whether there is scientiﬁc evidence to support land-basedbehalf of Osteoarthritis Research Society International. All rights reserved.
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joint pain or improved physical function.Methods
Five databases were searched to September 2009: MEDLINE,
Embase (Ovid), The Cochrane Library (Wiley Interscience), CINAHL
(EBSCOhost) and PEDro (Physiotherapy Evidence Database). The
Medline search strategy is detailed in Appendix 1. The reference
lists of all retrieved clinical trials were further searched.
Three reviewers (MF, SM, GH) independently screened retrieved
clinical studies for inclusion, extracted data from all included
studies and conducted the methodological quality assessment. If
agreement was not achieved at any stage, a fourth reviewer (SR)
adjudicated.Studies included
Randomized controlled trials (RCTs) or controlled clinical
(quasi-randomized) trials comparing some form of land-based
therapeutic exercise with a non-exercise group were identiﬁed.
The RCTs needed to include adults, male or female, with either
an established diagnosis of hip OA according to accepted criteria
or self-reporting hip OA on basis of chronic anterior joint pain
(without radiographic conﬁrmation). The intervention could
include any land-based therapeutic exercise regimens aiming to
relieve the symptoms of hip OA, regardless of content, duration,
frequency or intensity. Pre-surgery (total hip replacement)
programs were excluded. The comparator (control) group could
be active (any non-exercise intervention) or placebo (no treat-
ment or waiting list) group. If an included RCT reported both
post-treatment and long-term follow-up assessment occasions to
evaluate sustainability, data from the outcomes assessment
conducted most immediately after completion of the interven-
tion were used. Study authors were contacted if the data could
not be extrapolated in the desired form from the published
manuscript.Assessment of bias risk
The aggregate quality of the included studies was evaluated
according to three criteria.
The two criteria were recommended by Jadad et al.13 were
supplemented by an evaluation of the reported methods for allo-
cation concealment14.
1. Blinding of intervention provider, recipient and outcomes
assessment.
As it is arguably not possible to truly blind the intervention
provider or recipient in RCTs evaluating exercise programs vs non-
exercise programs, we evaluated the studies according to whether
the individual conducting the outcomes assessment was blinded to
treatment allocation.
2. Handling of withdrawals and dropouts. The studies were
assessed according to whether the presented results were
analysed as per ‘intention to treat’ (all randomized participants
according to their study treatment allocation) or efﬁcacy
analysis (only subjects completing an outcomes assessment or
only subjects adhering to the study treatment allocation).
3. Allocation concealment. Allocation concealment was rated as
either clear or unclear/inadequate.Each study was then evaluated as: low risk of bias (all three
criteria met); moderate risk of bias (one or two criteria met) or high
risk of bias (none of the criteria met).
The overall strength of scientiﬁc evidence for this therapeutic
intervention was evaluated by a scoring system as described in
Evidence-based Rheumatology15 (modiﬁed for blinding criteria). In
brief, ‘platinum level’ evidence requires support from at least two
RCTs (‘gold level’, one RCT) with sample sizes of at least 50 per
allocation group and meeting all three of the above criteria (low
risk of bias).Statistical analysis
As the studies used a variety of continuous scales to evaluate
outcomes, a unitless measure of treatment effect size was needed
to allow the results of the various RCTs to be combined.We used the
standardized mean differences (SMD) to calculate treatment effect
sizes from the entered mean change score and related standard
deviation scores. We used change scores as the studies were mostly
small and often demonstrated marked differences in baseline
outcome scores between the allocation groups. The treatment
effect size therefore is a unitless measure providing an indication of
the size of the change in terms of its variability.
A ﬁxed-effects model was chosen as the primary method to pool
the results in order to avoid the potential inﬂuence of small sample
bias introduced by the randomeeffects model16. However, the
results of a randomeeffects model were also explored as then the
overall effects are adjusted to include an estimate of the degree of
variation between studies, or heterogeneity, in intervention effect
(Tau-squared)16. The Chi-squared test assesses whether the differ-
ences in results are beyond those that can be attributed to sampling
error (chance). The impact of heterogeneity on the meta-analysis
results is quantiﬁed by the I2 statistic. This statistic describes the
percentage of variability in the effect estimates that is due to
heterogeneity rather than chance16; 30e60% probably represents
moderate heterogeneity while >50% is usually considered as rep-
resenting substantial heterogeneity. In order to compare results
with a previously reported meta-analysis evaluating the effects of
exercise (land-based and water-based) on pain for people with hip
OA17, treatment effect sizes for pain were also calculated using end
of treatment scores and a randomeeffects model.
Meta-analysis was conducted using Review Manager (RevMan)
[Computer program] Version 5.0. Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration, 2008.Results
A total of 418 studies were identiﬁed by the literature search. Of
these studies, only 32 were RCTs involving people with hip OA.
Twenty-seven of these RCTs were excluded (Appendix 2)18e43. Five
RCTs met the inclusion criteria (Table I)44e48. Of the ﬁve included
studies, only one47 recruited solely participants with symptomatic
hip OA. The other four studies recruited participants with knee OA,
or both hip and knee OA. Authors of these four RCTs provided data
speciﬁc for the participants indicating the hip joint as either the
only symptomatic joint or the most symptomatic (signal) joint for
pain reporting.
Two studies44,45 included three allocations, each having one
land-based exercise allocation (gym-based classes44 or Tai Chi
classes45), one hydrotherapy allocation and a waiting list control
group. For the current meta-analysis, the land-based exercise
allocationwas comparedwith thewaiting list control group. All ﬁve
included RCTs were small. Only two included RCTs had more than
25 participants in each allocation group47,48.
Table I
Characteristics of included studies
Study ID (Refs 39e43) Participants Exercise intervention Outcomes assessment
Risk of bias
Foley (2003) 29 mostly clinic patients;
40% pre-orthopaedic surgery
6 weeks, three times per week. Class-based,
strengthening and range of motion
6 weeks
Low
Fransen (2007) 20 community volunteers 12 weeks, two times per week.
Tai Chi for arthritis classes
12 weeks
Low
Hopman-Rock (2000) 28 community volunteers 6 weeks, once per week. Class-based,
standard resistance program
6 weeks
Moderate (not intention to treat analysis)
Tak (2005) 109 community volunteers 8 weeks, once per week. Class-based,
progressive resistance program
8 weeks
Moderate (not intention to treat analysis)
Van Baar (1998) 81 general practice patients;
mostly early disease
(50% <1 year symptoms)
12 weeks access physiotherapy
(mean 17 sessions)
12 weeks
Low
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provided less than 10 supervised sessions46,47. The other three
studies provided access to at least 18 sessions. Four of the ﬁve RCTs
evaluated class-based programs, while only one48 provided treat-
ments as individual sessions with a physical therapist. While one of
the ﬁve RCTs evaluated a speciﬁc ‘Tai Chi for Arthritis’ program, the
other four provided more traditional exercise programs (Table I).
Sample recruitment varied widely. Three RCTs recruiting
community volunteers45e47, one recruiting participants through
general practice48 and one recruiting through specialist clinics44.
The variability in recruitment strategies resulted in marked differ-
ences in study participant samples. Approximately 50% of partici-
pants in the general practice based RCT reported symptom duration
of less than a year48 while about 40% of participants in the study
recruiting through specialist clinics were already on the ortho-
paedic surgery waiting list44.
The two RCTs conducted in Australia used the Western Ontario
and McMaster Universities Arthritis Index (WOMAC)44,45 to eval-
uate pain and physical function. The other three studies, all con-
ducted in The Netherlands, used a 10 cm visual analogue scale to
evaluate hip pain and either the ‘Inﬂuence of Rheumatic Diseases
on General Health and Lifestyle’ (IRGL) questionnaire46,48 or the
‘Groningen Activity Restriction Scale’ (GARS)47 to evaluate physical
function. The GARS measures level of disability performing 18 daily
activities with scores ranging from 18 (no problems) to 72 (only
with help from others).
Risk of bias
Using the above criteria for blinding, handling of withdrawals
and allocation concealment, three of the ﬁve included RCTs would
be considered providing a ‘low risk of bias’44,45,48, while the
remaining two would be considered having a ‘moderate risk of
bias’46,47 (Table I).Fig. 1. Pain outcome e ﬁEffects of interventions
Pain
The ﬁve included RCTs could provide hip pain data on only 204
participants.
Combining the mean preepost-treatment change scores of
these ﬁve RCTs using a ﬁxed-effects model demonstrated a SMD
0.38 (95% conﬁdence interval (CI) 0.67 to 0.09) (Fig. 1). This
effect size would be considered small49. Between study heteroge-
neity was marked; I2¼ 62%. However, using a randomeeffects
model demonstrated a non-statistically signiﬁcant SMD of 0.33
(95% CI 0.84 to 0.17).
Using end of treatment scores to comparewith a previous meta-
analysis17, pooling the same ﬁve studies, we found a SMD of 0.49
(95% CI 0.77 to 0.20) indicating a moderate effect size, without
evidence for between study heterogeneity (I2¼ 0%).
Physical function
The ﬁve included RCTs provided self-reported physical function
data on only 187 participants.
Combining the mean change scores of these ﬁve RCTs using
a ﬁxed-effects model could not demonstrate evidence of beneﬁt:
SMD 0.02 (95% CI 0.31 to 0.28) (Fig. 2). Between study hetero-
geneity was marked; I2¼ 44%. The randomeeffects model was also
not signiﬁcant: SMD 0.10 (95% CI 0.51 to 0.32). The previous
meta-analysis was restricted to an evaluation of pain so a compar-
ison using end of treatment scores could not be made17.
Discussion
The objective of this systematic review was to evaluate the
current scientiﬁc evidence for the beneﬁt of land-based exercise for
people with symptomatic hip OA in terms of joint pain and self-
reported physical function. Unfortunately only ﬁve small studiesxed-effects model.
Fig. 2. Physical function outcome e ﬁxed-effects model.
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the meta-analysis, while suggesting that land-based exercise
provided short-term beneﬁts for people with symptomatic hip OA
in terms of pain, could not provide any evidence of beneﬁt in terms
of self-reported physical function.
The results of this meta-analysis, however, should be consid-
ered inconclusive for several reasons. The results for hip pain
reported in this meta-analysis, while reporting a similar point
estimate of mean treatment effect, did not achieve the statistical
signiﬁcance in a randomeeffects model as reported in a prior
meta-analysis (SMD 0.38; 95% CI 0.68 to 0.08)17. There are
several likely reasons for the difference in ﬁndings. The current
meta-analysis was restricted to the ﬁve RCTs evaluating land-
based exercise. The previous meta-analysis included these ﬁve
RCTs but also included three further RCTs evaluating hydro-
therapy, as well as the hydrotherapy results of two included
RCTs44,45. The larger number of RCTs included in the previous
meta-analysis resulted in a narrower CI around the point estimate.
In addition, the previous meta-analysis used post-treatment
scores, rather than change scores as used in the current meta-
analysis. When post-treatment scores for pain were evaluated for
the ﬁve RCTs included in the current meta-analysis, a signiﬁcant
treatment beneﬁt for pain was found: SMD 0.49 (95% CI 0.77 to
0.20). This contrast highlights the problem of baseline differ-
ences between allocation groups in small RCTs. Despite rigorous
randomization procedures, small RCTs are often unable to balance
even the collected potential confounders of treatment outcomes
between allocation groups. It is known that post-treatment hip
pain is highly associated with pre-treatment pain. Most of the ﬁve
RCTs evaluating land-based programs had higher mean hip pain
scores in the control group at baseline, compared with the exer-
cise group. These baseline differences are often reported as ‘not
signiﬁcant’ based on statistical evaluation, even though the
differences would need to be well beyond what is clinically
meaningful to achieve statistical signiﬁcance in small studies. This
imbalance in symptoms at baseline in the included RCTs favours
the exercise group.
There were marked differences between these ﬁve RCTs in the
content and duration of the exercise programs provided and in
the participant samples recruited. The three RCTs unable to
demonstrate signiﬁcant beneﬁt either in terms of pain or phys-
ical function provided either access to only a relatively small
number of supervised exercise classes46,47 or recruited a large
proportion of patients with advanced disease (orthopaedic
waiting list)44. Due to the small number of RCTs eligible for
inclusion in this systematic review, it was not possible to explore
the possible effect of patient characteristics or program dosage
(frequency, intensity, duration) on the magnitude of treatment
beneﬁt.Apart from the small number of RCTs evaluating exercise for
people with symptomatic hip OA, it may be of concern that only
one of the ﬁve included RCTs evaluated a class-based exercise
program speciﬁcally designed for people with hip OA47. The non-
signiﬁcant ﬁndings for hip pain and physical function in this
study47 may either reﬂect the small study sample size or the short
duration of the class-based program (eight sessions only). The four
other RCTs evaluated exercise programs recruiting people with
either hip or knee OA (or both). The question arises as to whether
non-joint speciﬁc exercise programs can maximise treatment
beneﬁt. This concern would be particularly relevant for hip OA as
the proportion of participants with hip OA in these combined
programs is always markedly smaller than the proportion with
knee OA. However the important role of the strong hip muscles for
decreasing adduction loading and knee pain is becoming
increasingly evident. Therapeutic exercise programs for hip or
knee OA should focus on strengthening the entire lower limb, not
just the muscles speciﬁcally surrounding the affected joint.
Therefore combining the two groups of patients in one class is not
likely to greatly disadvantage either group. Given the relatively
smaller number of people with symptomatic hip OA, running
speciﬁc classes for people with symptomatic hip OA may only be
viable in densely populated urban centres. Furthermore, many
people have multi-joint disease.
Only one RCT found signiﬁcant beneﬁt in terms of physical
function45. This RCT evaluated a Tai Chi program speciﬁcally
designed for people with arthritis (Tai Chi for Arthritis e Dr Paul
Lam). Tai Chi is a low-impact exercise form focusing on balance
and stability with the lower limbs mostly in the semi-ﬂexed
position. Needless to say, all the hip stabilising musculature will
be exercised fairly continuously during the 1 h class session. It is
likely that most of the other evaluated exercise programs spend
a large proportion of the available exercise time using open-chain,
non-weight bearing muscle strengthening e a less functional
form of exercise.
To achieve a ‘platinum’ or ‘gold’ standard for the level of
scientiﬁc evidence requires at least one well-conducted RCT with
more than 50 participants per treatment allocation. We were not
able to retrieve any RCTs with more than 35 participants per
treatment allocation from the literature search, which is
remarkable considering the public health impact of this chronic
musculo-skeletal disease. Furthermore, only one of the identiﬁed
three protocol papers describes a RCT with potential to provide
gold level evidence (>50 participants with hip OA in each allo-
cation group) in the near future39. The other two RCT proto-
cols38,42, while planning a large sample size, will be recruiting
both hip and knee OA participants. Evidence from other RCTs
recruiting both hip and knee OA participants suggests that,
unless speciﬁc joint speciﬁc targets are set, only about 10e20% of
M. Fransen et al. / Osteoarthritis and Cartilage 18 (2010) 613e620 617study recruits will be people with hip OA. However, two
completed RCTs evaluated as having a low risk of bias suggest
there is currently silver level evidence that land-based exercise
will reduce hip pain48 and improve physical function45 among
people with symptomatic hip OA. The wide CIs around the effect
size estimates reveal ongoing uncertainty regarding the magni-
tude of beneﬁt to be expected.
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Appendix 1
Medline search strategy
1. exp osteoarthritis/
2. osteoarthr$.tw.
3. (degenerative adj2 arthritis).tw.
4. arthrosis.tw.
5. or/1-4
6. Hip/
7. exp Hip Joint/
8. hip$.tw.
9. or/6-8
10. exp EXERCISE/
11. exp exertion/
12. exp Physical Fitness/
13. exp Exercise Test/
14. exp Exercise Tolerance/
15. exp Sports/
16. exp PLIABILITY/
17. exp Physical Endurance/
18. exertion$.tw.
19. exercis$.tw.
20. sport$.tw.
21. ((physical or motion) adj5 (ﬁtness or therap$)).tw.
22. (physical$ adj2 endur$).tw.
23. ((strength$ or isometric$ or isotonic$ or isokinetic$ or aerobic$
or endurance or weight$) adj5 (exercis$ or train$)).tw.
24. exp physical therapy modalities/
25. physiotherap$.tw.
26. manipulat$.tw.
27. kinesiotherap$.tw.
28. exp Rehabilitation/
29. rehab$.tw.30. (skate$ or skating).tw.
31. run$.tw.
32. jog$.tw.
33. treadmill$.tw.
34. swim$.tw.
35. bicycl$.tw.
36. (cycle$ or cycling).tw.
37. walk$.tw.
38. (row or rows or rowing).tw.
39. muscle strength$.tw.
40. or/10-39
41. randomized controlled trial.pt.
42. controlled clinical trial.pt.
43. randomized.ab.
44. placebo.ab.
45. drug therapy.fs.
46. randomly.ab.
47. trial.ab.
48. groups.ab.
49. 41 or 42 or 43 or 44 or 45 or 46 or 47 or 48
50. humans.sh.
51. 49 and 50
52. and/5,9,40,51EMBASE search strategy
1. exp osteoarthritis/
2. osteoarthr$.tw.
3. (degenerative adj2 arthritis).tw.
4. arthrosis.tw.
5. or/1-4
6. Hip/
7. hip$.tw.
8. 6 or 7
9. exp EXERCISE/
10. ﬁtness/
11. exercise test/
12. exercise tolerance/
13. exp Sport/
14. pliability/
15. exp “physical activity, capacity and performance”/
16. exertion$.tw.
17. exercis$.tw.
18. sport$.tw.
19. ((physical or motion) adj5 (ﬁtness or therap$)).tw.
20. (physical$ adj2 endur$).tw.
21. ((strength$ or isometric$ or isotonic$ or isokinetic$ or aerobic$
or endurance or weight$) adj5 (exercis$ or train$)).tw.
22. exp physiotherapy/
23. physiotherap$.tw.
24. manipulat$.tw.
25. kinesiotherap$.tw.
26. exp REHABILITATION/
27. rehab$.tw.
28. (skate$ or skating).tw.
29. run$.tw.
30. jog$.tw.
31. treadmill$.tw.
32. swim$.tw.
33. bicycl$.tw.
34. (cycle$ or cycling).tw.
35. walk$.tw.
36. (row or rows or rowing).tw.
37. muscle strength$.tw.
M. Fransen et al. / Osteoarthritis and Cartilage 18 (2010) 613e62061838. or/9-37
39. and/5,8,38
40. random$.ti,ab.
41. factorial$.ti,ab.
42. (crossover$ or cross over$ or cross-over$).ti,ab.
43. placebo$.ti,ab.
44. (doubl$ adj blind$).ti,ab.
45. (singl$ adj blind$).ti,ab.
46. assign$.ti,ab.
47. allocat$.ti,ab.
48. volunteer$.ti,ab.
49. crossover procedure.sh.
50. double blind procedure.sh.
51. randomized controlled trial.sh.
52. single blind procedure.sh.
53. or/40-52
54. exp animal/or nonhuman/or exp animal experiment/
55. exp human/
56. 54 and 55
57. 54 not 56
58. 53 not 57
59. 39 and 58PEDRO search strategy
Advanced search
Therapy: Fitness training OR Strength training
Body Part: Thigh or hipCINAHL search strategy
S56 S55 and S42
S55 S54 or S53 or S52 or S51 or S50 or S49 or S48 or S47 or S46
or S45 or S44 or S43 S54 TI Allocat* random* or AB Allocat*
random*
S53 (MH “Quantitative Studies”)
S52 (MH “Placebos”)
S51 TI Placebo* or AB Placebo*
S50 TI Random* allocat* or AB Random* allocat*
S49 (MH “Random Assignment”)
S48 TI Randomi?ed control* trial* or AB Randomi?ed control*
trial*
S47 TI singl* mask* or TI doubl* mask* or TI treb* mask* or TI
tripl* mask* or AB singl* mask* or AB doubl* mask* or AB treb*
mask* or AB tripl* mask*
S46 TI singl* blind* or TI doubl* blind* or TI treb* blind* or TI
tripl* blind* or AB singl* blind* or AB doubl* blind* or AB treb*
blind* or AB tripl* blind*
S45 TI “clinic* trial*” or AB “clinic* trial*”
S44 PT Clinical Trial
S43 (MH “Clinical Trialsþ”)
S42 S41 and S40 and S5
S41 S39 or S38 or S37 or S36 or S35 or S34 or S33 or S32 or S31 or
S30 or S29 or S28 or S27 or S26 or S25 or S24 or S23 or S22 or
S21 or S20 or S19 or S18 or S17 or S16 or S15 or S14 or S13 or S12
or S11 or S10 or S9 or S8 or S7 or S6
S40 S8 or S7 or S6
S39 (ti “muscle strength*”) or (ab “muscle strength*”)
S38 (ti row or rows or rowing) or (ab row or rows or rowing)
S37 (ti walk*) or (ab walk*)
S36 (ti cycle* or cycling) or (ab cycle* or cycling)
S35 (ti bicycl*) or (ab bicycl*)
S34 (ti swim*) or (ab swim*)S33 (ti swim*) or (ab swim*)
S32 (ti treadmill*) or (ab treadmill*)
S31 (ti jog*) or (ab jog*)
S30 (ti run*) or (ab run*)
S29 (ti skate* or skating) or (ab skate* or skating)
S28 (ti rehab*) or (ab rehab*)
S27 (MH “Rehabilitationþ”)
S26 (ti kinesiotherap*) or (ab kinesiotherap*)
S25 (ti manipulat*) or (ab manipulat*)
S24 (ti physiotherap*) or (ab physiotherap*)
S23 (MH “Physical Therapyþ”)
S22 TI (strength* or isometric* or isotonic* or isokinetic* or
aerobic* or endurance or weight*) or AB (strength* or isometric*
or isotonic* or isokinetic* or aerobic* or endurance or weight*)
S21 TI physical* n2 endur* or AB physical* n2 endur*
S20 TI physical N5 ﬁtness or TI physical N5 therap* or AB
physical N5 ﬁtness or AB physical N5 therap* or TI motion n5
therap* or AB motion n5 therap*
S19 (ti sport*) or (ab sport*)
S18 (ti exercis*) or (ab exercis*)
S17 (ti exertion*) or (ab exertion*)
S16 (MH “Physical Enduranceþ”)
S15 (MH “Pliability)
S14 (MH “Sportsþ”)
S13 (MH “Exercise Toleranceþ”)
S12 (MH “Exercise Testþ”)
S11 (MH “Physical Fitness”)
S10 (MH “Exertionþ”)
S9 (MH “Exerciseþ”)
S8 (ti hip*) or (ab hip*)
S7 (MH “Hip Joint”)
S6 (MH “Hip”)
S5 S4 or S3 or S2 or S1
S4 (ti arthrosis) or (ab arthrosis)
S3 (ti degenerative N2 arthritis) or (ab degenerative N2 arthritis)
S2 (ti osteoarthr*) or (ab osteoarthr*)
S1 (MH “Osteoarthritisþ”)The Cochrane Library search strategy
MeSH descriptor Osteoarthritis explode all treesosteoarthr*:ti,
ab(degenerative next arthritis):ti,abarthrosis:ti,ab(#1 OR #2 OR #3
OR #4)MeSH descriptor Knee explode all treesMeSH descriptor
Knee Joint explode all treesknee*:ti,ab(#6 OR #7 OR #8)MeSH
descriptor Exercise explode all treesMeSH descriptor Exertion
explode all treesMeSH descriptor Physical Fitness explode all
treesMeSH descriptor Exercise Test explode all treesMeSH
descriptor Exercise Tolerance explode all treesMeSH descriptor
Sports explode all treesMeSH descriptor Pliability explode all
treesMeSH descriptor Physical Endurance explode all treesex-
ertion*:ti,abexercis*:ti,absport*:ti,ab((physical or motion) near/5
(ﬁtness or therap*)):ti,ab(physical* near/2 endur*):ti,ab((strength*
or isometric* or isotonic* or isokinetic* or aerobic* or endurance or
weight*) near/5 (exercis* or train*)):ti,abMeSH descriptor Physical
Therapy Modalities explode all trees(physical next therap*):
ti,abphysiotherap*:ti,abmanipulat*:ti,abkinesiotherap*:ti,abMeSH
descriptor Rehabilitation explode all treesrehab*:ti,ab(skate* or
skating):ti,abrun*:ti,abjog*:ti,abtreadmill*:ti,abswim*:ti,abbicycl*:
ti,ab(cycle* or cycling):ti,abwalk*:ti,ab(row or rows or rowing):ti,
abmuscle next strength:ti,ab(#10 OR #11 OR #12 OR #13 OR #14
OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR
#23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31
OR #32 OR #33 OR #34 OR #35 OR #36 OR #37 OR #38 OR #39 OR
#40)(#5 AND #9 AN).
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from the meta-analysisStudy ID Reason for exclusion
Abbott (2009)38 OA hip or knee study protocol only
Angst (2001)18 No control group
Cochrane (2005)19 Aquatic exercise
Coupe (2007)20 Supplementary Veenhof (2006)
De Jong (2004)21 No non-exercise control group
French (2009)39 OA hip study protocol only
Green (1993)22 Evaluated added beneﬁt of hydrotherapy to home
exercise program
Halbert (2001)23 Physical activity advice/recommendation only
Haslam (2001)24 Acupuncture vs exercise advice/recommendation only
Heuts (2005)25 Arthritis self-management education program
Hinman (2007)26 Aquatic exercise
Hoeksma (2004)28 Manual therapy vs exercise
Hoeksma (2005)27 Supplementary analysis Hoeksma (2004)
Hoeksma (2005)27 Supplementary analysis Hoeksma (2004)
Klasbo (2003)29 Education sessions with exercise advice only
Lange (2009)40 Only knee OA participants
Lin (2004)30 Aquatic exercise
Murphy (2008)41 No non-exercise control group
Ravaud (2004)31 Exercise advice/recommendation only
Rooks (2006)32 Peri-operative total hip replacement surgery
exercise program
Schencking (2009)42 OA hip or knee study protocol only
Shriera (2008)43 Study participants on total hip replacement
surgery waiting list
Stener-Victorin
(2004)33
Aquatic exercise
Sylvester (1989)34 No non-exercise control
Van Baar (2001)35 Long-term follow-up Van Baar (1998)
Veenhof (2006)36 No non-exercise control
Wang (2007)37 Aquatic exerciseSupplementary material
Supplementary data associated with this paper can be found, in
online version, at doi:10.1016/j.joca.2010.01.003.
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